Introduction {#Sec1}
============

Mobile digital technologies and social media continue to pervade many facets of our daily lives and enable communication, collaboration and content creation. Within the broad scope of mobile digital technologies and social media, the social media application called 'WhatsApp' has become particularly prevalent. WhatsApp is technically an internet-based cross-platform instant messaging and voice over Internet Protocol (VoIP) service for mobile devices \[[@CR1]\].

As of July 2019, it was reported that WhatsApp had approximately 1.6 billion active users globally \[[@CR2]\], which is almost one-fifth of the total world's population at that time. In the context of other popular worldwide social media applications, WhatsApp is placed behind Facebook and YouTube only as the most popular social media application. WhatsApp's user base is significant, which warrants scientific evidence of its effects in our lives.

WhatsApp's user base includes students and while there is active research involving WhatsApp and learning, the research is not conclusive about the effects of WhatsApp on student learning. For example, one study reported that WhatsApp improved learning \[[@CR7]\] and another reported that WhatsApp did not \[[@CR8]\]. Furthermore, in a recent study, the reviewed literature showed research about WhatsApp and teaching and learning from various viewpoints, but none measured collaboration on WhatsApp in relation to academic achievement \[[@CR9]\], including there being a lack of instruments for measuring collaboration on WhatsApp. This was the research problem.

Subsequently, the research question was what constructs and instrument were appropriate for measuring collaboration on WhatsApp in relation to academic achievement? The research objective was to develop a quantitative instrument to answer the research question. The study focused on the important conceptual steps of the instrument development process rather than the empirical steps. Thus, the study made an appropriately theoretical contribution, which was grounded in the scientific literature.

Answering the research question has significant value for researchers in the domain. It allows them the quantify the effects of collaboration on social media and similar applications in relation to academic achievement and it facilitates theory development. This provides significant value to educators and students about how to incorporate social media, mobile collaborative learning (MCL) and WhatsApp into their teaching and learning. The paper facilitates a positivistic epistemology based on the scientific method for objectivity and precision. Hence, the study provides an original contribution to the scientific body of knowledge in the broad domains of MCL and m-learning. Furthermore, the study contributes to knowledge generation in Africa, since less than a fifth of the articles reviewed related to studies in Africa \[[@CR9]\].

The paper consists of four sections. The first section introduced the study's context and explained the research problem, question and objective. The next section reviewed m-learning and WhatsApp and learning. Section [3](#Sec5){ref-type="sec"} provided the instrument development process, which enabled the study to answer the research question. Section [4](#Sec11){ref-type="sec"} concludes the paper and explains its contribution, limitations and opportunities for future research.

Literature Review {#Sec2}
=================

Mobile Learning (M-learning) {#Sec3}
----------------------------

Mobile and social media technologies are a relatively recent development, but human learning is a natural human process and many theories to explain how human learning occurs have been developed since the time of the Ancient Greek philosophers \[[@CR9]\]. However, Collaborative Learning, Communities of Practice, Connectivism, Conversation Theory and Social Learning Theory appear to relate especially well to learning with mobile and social media technologies. Nevertheless, researchers continued with a new learning theory to explain specifically learning with mobile technologies, namely M-learning Theory \[[@CR10]\].

M-learning Theory has attracted the attention of many researchers who acknowledge the potential of applying mobile and social media technologies to improve learning \[[@CR11], [@CR12]\]. M-learning Theory does not replace traditional learning theories; instead it complements them by emphasizing the mobility of learning, including how learning is acquired across various contexts, while on the move and across the transitions of life. M-learning Theory also takes into consideration learning that happens at home, work, outdoors, places of leisure, places of worship, cafes, stores and while travelling. M-learning Theory continues to be researched, defined and evolved together with the evolution of mobile hardware, software and social media technologies.

Three key aspects of M-learning Theory have been identified, namely personalization, authenticity and collaboration, which occur outside of the traditional learning time and space constraints \[[@CR13]\]. Personalization is based in Socio-cultural Theory and Motivational Theory and involves learner choice, agency, self-regulation and customization. Authenticity refers to the real-world relevance, practices and personal meaning in everyday life situations. Collaboration involves participating in rich learning interactions with other people, which is the m-learning aspect that the study focused on together with the social media application called 'WhatsApp'.

WhatsApp and Learning {#Sec4}
---------------------

WhatsApp has evolved into a promising educational tool that has the potential to promote interaction and participation during student learning activities \[[@CR14]--[@CR17]\]. WhatsApp enables anonymous, asynchronous collaborative learning, which is reported to improve and increase the productivity and participation of less confident learners \[[@CR18]\]. WhatsApp helps to create immediacy and connection in informal learning, formal blended learning, open distance learning and learning outside of the classroom \[[@CR15], [@CR19]\].

However, despite the documented benefits, challenges have been reported, including extra workload, distraction from learning, less commitment to participate, exposure to unregulated messages, false information, addictive behavior and increased expenses \[[@CR17], [@CR20]\]. In addition, WhatsApp use may result in stress, lack of privacy and difficulties managing responsibilities, especially for more mature students \[[@CR15]\]. Married students have also found WhatsApp disruptive because its use collided with their family time \[[@CR18]\]. In contrast, there is research indicating that students have found learning on WhatsApp interesting, convenient and motivating \[[@CR21]\]. It can be argued that WhatsApp is affordable to use and increases the chances of learners participating in learning activities \[[@CR22]\].

Several learning theories have been applied in WhatsApp studies. Socio-cultural Theory was involved in a study where WhatsApp was used for learning English as a second language \[[@CR16]\]. Activity Theory was used to analyze learner interactions on WhatsApp for improving critique writing skills of English as a foreign language \[[@CR23]\] and in a WhatsApp study to identify factors that influence students' participation in mobile learning activities and online discussions \[[@CR19]\]. Activity Theory, Situated Learning Theory and Communities of Practice were applied in a study to understand how WhatsApp could support teaching and learning in higher education \[[@CR15]\]. Experiential Learning Theory was applied in a study where WhatsApp was used to improve the standard of primary health care education \[[@CR24]\]. Thus, several of the prominent learning theories have been applied in various ways to study WhatsApp. However, the important concept of collaboration had not been explicitly measured to expose its effect on learning anywhere and anytime with WhatsApp.

Instrument Development {#Sec5}
======================

MacKenzie et al.'s (2011) Framework {#Sec6}
-----------------------------------

MacKenzie et al.'s (2011) framework for instrument development was used to guide the development of the quantitative instrument for measuring collaboration using WhatsApp \[[@CR25]\]. This framework was selected because it was published in an extensive study updating important prior research on Information Systems (IS) instrument development and published in arguably the top journal in the IS field, namely MIS Quarterly. In addition, it is a fairly recent publication and has been cited by 1793 according to Google Scholar as of 22 December 2019. The framework provides a 10-step procedure for instrument development starting with construct conceptualization or reconceptualization and ending in the development of norms \[[@CR26]\]. Nonetheless, since the scope of the study was limited to the important conceptual steps only, the first four conceptual steps of the framework were applied.

Step 1: Conceptualization {#Sec7}
-------------------------

Constructs are abstract concepts developed for research or scientific purposes \[[@CR25]\]. Construct conceptualization involves defining the conceptual domain of each construct. Each construct should be defined unambiguously and consistently with prior research. Thus, instruments that related to the measurement of collaboration from various fields were reviewed and evaluated based on their appropriateness and construct validity and reliability measures \[[@CR27], [@CR28]\]. Only those that had applicability, established construct validity and high reliability measures were included as inputs into the instrument development process.

The instruments were the Thomson, Perry and Miller Collaboration Instrument \[[@CR29]\], the Thomson, Perry and Miller (2007) Collaboration Instrument in the South African Context \[[@CR30]\], the Collaboration with Medical Staff Scale of the Nurses Opinion Questionnaire (CMSS-NOQ) \[[@CR31]\], the Collaboration and Trust in an Education Context \[[@CR32]\], the Wilder Collaboration Factors Inventory \[[@CR33]\], the Collaboration Index \[[@CR34]\], the Collaborative Culture Scale \[[@CR35]\], the Assessment of Inter-professional Team Collaboration Scale \[[@CR36]\], the Collaboration Assessment Tool (CAT) \[[@CR37]\], the Transdisciplinary Tobacco Use Research Centers (TTURC) Researcher Survey \[[@CR38]\], the Index of Interprofessional Team Collaboration for Expanded School Mental Health (IITC-ESMH) \[[@CR39]\], the Teacher Collaboration Assessment Survey (TCAS) \[[@CR40]\], the Distance Education Learning Environment Survey (DELES) \[[@CR41]\], the Index of Interdisciplinary Collaboration (IIC) \[[@CR42]\], the Expanded School Mental Health Collaboration Instrument \[School Version\] \[[@CR43]\] and the Collaborative Practice Assessment Tool (CPAT) \[[@CR44]\].

For each instrument, all its specified factors/constructs were evaluated by the authors. The evaluation was directed by importance to the research problem and parsimony. The selected and adapted constructs were Interaction (IA), Support (S), Information Exchange (IE), Sense of Community (SC), Interdependence (ID), Trust (T), Active Learning (AL), Formality (F) and Collaboration (C). In addition, the construct Academic Achievement (AA) was included since it was essential for addressing the research problem. All the constructs would apply to students/learners who use WhatsApp for academic learning.

Interaction (IA) was defined as the amount of reciprocal action and engagement, such as discussing, sharing, chatting and meeting, between two or more learners using WhatsApp for academic learning. Support (S) was defined as the amount of help and assistance that is provided to a learner, who is experiencing learning difficulties, by other learners using WhatsApp for academic learning. Information Exchange (IE) was defined as the amount of information exchanged as part of the learning processes using WhatsApp for academic learning. Sense of Community (SC) was defined as a learner's feeling of belonging to a group with shared interests, goals and needs, using WhatsApp for academic learning. Interdependence (ID) was defined as the contingency or condition that other learners are part of a learner's learning process, using WhatsApp for academic learning. Trust (T) was defined as the level of confidence that a learner has in other learners using WhatsApp for academic learning. Active Learning (AL) was defined as being opposite to passive learning and comprises meaningful learning activities and applied learning on WhatsApp for academic learning. Formality (F) was defined as how casual and relaxed or academically correct and serious the engagement is between a learner and the other learners by virtue of the language they use, using WhatsApp for academic learning. Collaboration (C) was defined as the amount of working and contributing together that takes place in a group of learners to achieve the common goal of learning using WhatsApp.

In addition, it is necessary to measure a student's academic achievement in an acceptable way to address the research problem. Actual student grades are variables that measure academic achievement. However, the eventual instrument users may not have access to respondents' grades, thus, a construct called Academic Achievement (AA) was defined as a learner's self-reported academic achievement.

Step 2: Generate Items to Represent the Constructs {#Sec8}
--------------------------------------------------

Following the conceptual definitions of the selected constructs, a set of items to represent the conceptual domain of each construct was generated \[[@CR25]\]. The items generated were adapted from the instruments reviewed and are provided in Table [1](#Tab1){ref-type="table"}. Six items per construct were generated to balance adequate domain sampling and parsimony for construct and content validity and response bias and fatigue \[[@CR45]\]. Each item is measured using a five-point Likert measurement scale from 1 to 5, where 1 = "strongly disagree", 2 = "disagree", 3 = "neither disagree nor agree", 4 = "agree" and 5 = "strongly agree" \[[@CR46]\]. The higher the aggregate value for each item the more of that construct is evident on WhatsApp for academic learning.Table 1.Measurement items for each construct.\#ConstructMeasurement items1Interaction (IA)***When I am on WhatsApp with other students:***1. We have discussions to learn from each other2. We participate with each other to learn3. We have chats to learn from each other4. We share with each other to learn5. We have meetings with each other to learn6. We communicate with each other to learn2Support (S)***When I am on WhatsApp with other students:***1. They help me on my courses/modules2. They reduce the stress from my courses/modules3. They assist with difficult parts of my courses/modules4. They aid me when I am stuck on my courses/modules5. They lend a hand so I can figure out my courses/modules6. They encourage me to keep going on my courses/modules3Information Exchange (IE)***When I am on WhatsApp with other students:***1. We send and receive course/module information2. Course/module material gets passed around3. We swap course/module information4. Course/module material is spread around5. We distribute course/module information6. Course/module knowledge is circulated4Sense of Community (SC)***When I am on WhatsApp with other students:***1. I feel that I belong to a learning group2. I matter to my learning group3. My learning group matters to me4. My learning group benefits our learning5. My learning group has shared interests in learning6. My learning group has similar academic goals5Interdependence (ID)***When I am on WhatsApp with other students:***1. I rely on other students to learn2. Other students rely on me to learn3. My learning requires other students4. I need other students to learn5. Other students need me to learn6. My learning is conditional on other students6Trust (T)***When I am on WhatsApp with other students:***1. Other students provide honest course/module advice2. I believe in what other students say to me about courses/modules3. I have faith in the course/module communication from other students4. The course/module discussions with other students are sincere5. The course/module conversations with other students are genuine6. I am certain that other students provide truthful information7Active Learning (AL)***When I am on WhatsApp with other students:***1. I learn by having debates with other students2. I learn by working on questions with other students3. I learn by doing activities with other students4. I learn by solving study problems with other students5. I teach other students learning material6. I show other students how to figure out their courses/modules8Formality (F)***When I am on WhatsApp with other students:***1. We use academic language only when talking about courses/modules2. Messages about courses/modules contain academic content only3. When learning, we use correct wording only4. When learning, we discuss academic content only5. During course/module communication, we use scientific language only6. We use textbook wording only when chatting about courses/modules9Collaboration (C)***When I am on WhatsApp with other students:***1. We work together to understand our courses/modules2. We learn collectively to solve course/module problems3. We contribute jointly to learn our courses/modules4. When preparing for tests or exams we learn together5. We study as a group6. We learn our courses/modules together10Academic Achievement (AA)***Since I started using WhatsApp for learning:***1. My courses'/modules' marks have improved2. I do better in tests and exams3. I am able to achieve better success in my assignments4. I have had more success in my courses/modules5. I understand my courses/modules better6. My courses/modules are easier to do

In addition to the items in Table [1](#Tab1){ref-type="table"}, a participant would be asked several initial questions that would provide useful information and analyses about their characteristics. These questions include gender, home language, age range, study major, study qualification level, year level of qualification, do you use WhatsApp with other students for learning (if you mark "No", then please indicate your reasons for not using WhatsApp for learning and then there are no further questions for you to answer, thank you for participating)? How many hours do you estimate that you spend on WhatsApp every week with other students for learning? What devices do you use when learning with other students on WhatsApp? Where, what places, do you use WhatsApp for learning with other students? Is there anything that prevents you from using WhatsApp more often or in more places for learning with other students?

Step 3: Assess the Content Validity of the Items {#Sec9}
------------------------------------------------

After the items were generated for each construct, they were assessed for their content validity, which relates to how well a construct's items represent all aspects of that construct \[[@CR25]\]. Raters are recommended for doing this assessment and university educated students are considered adequately representative of the intended generalized population \[[@CR25]\]. Given the conceptual focus of the study, the study's supervisor performed the initial item generation and adaptation and the study's second researcher, a postgraduate university educated student conducted the assessment. Although it is recommended to use one-way repeated measures ANOVA to determine if an item's mean rating on one construct differs from its ratings on the other constructs, it requires more than two raters \[[@CR47]\], so instead a qualitative assessment was conducted by the second researcher. The second researcher was requested, for each item, to assess whether the item represented the content of the construct that it was assigned to measure, and for each construct, whether all the items assigned to measure that construct represented the entire content of that construct. After three iterations and changes, the final items are presented in Table [1](#Tab1){ref-type="table"}.

Step 4: Formally Specify the Measurement Model {#Sec10}
----------------------------------------------

Step 4 involves specifying the measurement model, including how the items relate to the constructs. Figure [1](#Fig1){ref-type="fig"} provides the initial measurement model which depicts all constructs with reflective indicators. The paper specifies all of the constructs as unidimensional or reflective constructs and there are no sub-dimensions or conceptually distinguishable facets \[[@CR48]\].Fig. 1.Initial measurement model for the study.

At this conceptual stage it is not known how each of the constructs IA, S, IE, SC, ID, T, AL and F interrelate. However, based on the reviewed instruments and literature it is evident that they are important when measuring and influence C. Thus, only a general relationship is specified between all those constructs and C. Also, the relationship from C to AA is specified since it is the central focus of the study. These relationships can be specified as the following alternate hypotheses (HA1-n): IA positively influences C, S positively influences C, IE positively influences C, SC positively influences C, ID positively influences C, T positively influences C, AL positively influences C, F negatively or positively influences C and C positively influences AA. The corresponding null hypotheses (H01-n) specify that there are no associations among each set of constructs.

Conclusion {#Sec11}
==========

The study has addressed the research problem, being the lack of research instruments measuring collaboration on WhatsApp in relation to academic achievement, by completing the conceptual steps to develop an appropriate measurement instrument. The developed measurement instrument answers the research question by demonstrating appropriate constructs and an instrument for measuring collaboration on WhatsApp in relation to academic achievement. This provides an original contribution to the scientific literature.

The instrument provides researchers with a foundation from which to measure informative constructs involved in the mobile collaborative learning (MCL) processes on WhatsApp and potentially other mobile and social media platforms. The study facilitates positivistic research and epistemology to further the objectives of acquiring objective and precise scientific knowledge. Such deductive research promotes theory testing and development.

MCL theory testing and development provides educators and students with scientific evidence about learning with MCL applications such as WhatsApp, from which both curriculum and learning design can be informed and benefited. In the age of connected mobility this is a necessity.

Limitations include the lack of empirical data for testing the psychometric properties of the instrument and the relationships among the constructs in actual learning environments. These limitations provide valuable research opportunities involving instrument pilot tests, scale purification and refinement and even norms development. In addition, the instrument could be adapted for various other MCL supported mobile and social media applications for further knowledge development.
